Objective: Most U.S. employers are not required to provide paid sick leave (PSL), and there is limited information on the economic return of providing PSL. We estimated potential benefits to employers of PSL in reducing absenteeism related to the spread of influenza-like illness (ILI). Methods: We used nationally representative data and a negative binomial random effects model to estimate the impact of PSL in reducing overall absence due to illness or injury. We used published data to compute the share of ILI from the total days of absence, ILI transmission rates at workplaces, wages, and other parameters. Results: Providing PSL could have saved employers $0.63 to $1.88 billion in reduced ILI-related absenteeism costs per year during 2007 to 2014 in 2016 dollars. Conclusion: These findings might help employers consider PSL as an investment rather than as a cost without any return.
A ccess to paid sick leave (PSL) varies widely across firm size, employment conditions, industries, and occupations. In the U.S., 64% of workers in the private sector and 90% of workers in the public sector had PSL in 2016. 1 Lower percentages were found in goods-producing industries, small-sized firms (1 to 99 employees), and construction, extraction, farming, fishing, and forestry occupations. The lowest percentages were found among part-time workers in the private sector (30%) and workers within the lowest 10% wage categories (27%). 1 Most U.S. employers are not required to provide PSL, which may contribute to this wide variation. 2 As of November 2016, there were seven states and 32 localities with enacted PSL days laws. See Appendix 1 for the details.
Employers might not provide PSL because they expect unmanageable financial burdens or suspect that PSL would be used by workers for other purposes. 3 Some empirical studies, however, have demonstrated some benefits of PSL to employers, workers, and society at large. [4] [5] [6] [7] [8] Review of this literature suggests several broad categories of potential benefits to employers from investing in PSL.
First, PSL can help reduce job turnover, which is a challenge for managers. [9] [10] [11] Studies have indicated that job turnover could cost employers between 25% and 200% of the annual salary of departing workers. [12] [13] [14] [15] [16] Cooper and Monheit 4 estimated that having PSL could help reduce job turnover by 3.61% to 6.43% based on the sex and marital status of workers.
A second benefit of PSL is reducing presenteeism, defined as being present at the job but performing at a reduced capacity due to illness or injury. Previous studies showed that presenteeism could lead to a reduction in the output of sick or injured workers and the output of coworkers if the sick or injured worker was part of a team at work. 17 , 18 Hemp 18 indicated that the cost of presenteeism for U.S. firms could have been over $150 billion in 2002. Providing PSL could help reduce the cost of presenteeism by allowing workers to get timely medical care and have quicker recovery at home. Long waiting times, inability to get off work, and being too busy with work and other commitments have been noted as major nonmonetary constraints for delayed and unmet medical care. 7 Third, availability of PSL could help reduce the incidence of fatal and nonfatal workplace injury. Sickness or stress could impair the ability of workers to follow safety instructions or to make sound decisions, and this could increase their risk of suffering workplace injuries. 5, [19] [20] [21] Asfaw et al 5 reported that workers with PSL were 28% less likely than workers without access to PSL to be injured at work.
Fourth, PSL could help workers and their family members receive timely preventive health care services. Lack of access to preventive services can lead to serious health complications and contribute to increased health care costs and employer-sponsored health insurance premiums. Peipins et al 6 reported that workers with PSL used preventive services, such as cancer screening, more frequently than workers without PSL. Using 2006 to 2010 data from the Medical Expenditure Panel Survey (MEPS), Wilson et al 7 showed that employers with PSL were more likely to be vaccinated against influenza [odds ratio (OR) ¼ 1.42, confidence interval (CI): 1.31 to 1.53] than workers without PSL, resulting in reduced absence and medical costs.
Finally, PSL might help reduce absenteeism due to contagious diseases, which is the focus of this study. The economic implications of an outbreak of a contagious disease could be enormous to employers, employees, and society at large. Meltzer et al 22 25 Similarly, the Occupational Safety and Health Administration (OSHA) advises employers to encourage sick workers to stay home during the flu season.
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The ability and willingness of workers to stay home while sick partially depends on the availability of PSL. Lack of access to PSL could increase the probability that workers will work while sick, which exposes coworkers to contagious diseases that can magnify the problem of presenteeism and increase absenteeism. In a case-cohort study of New York State nursing homes, Li et al 27 found that the relative risk of nosocomial respiratory or gastrointestinal disease outbreaks was 38% lower in nursing homes with PSL policies than in nursing homes without such policies. Heymann et al 28 and Lord and King 29 indicated that access to PSL could help parents take care of their sick children at home. Parents without PSL are more likely to send their sick children to school or day care facilities, potentially spreading the disease to other children and workers. 28, 30, 31 The American Public Health Association indicated that employees who were not fully recovered from their H1N1 infection and went to work were associated with 7 million additional infections and 1,500 deaths during the 2009 H1N1 pandemic in the U.S. 32 Kumar et al 8 showed that providing PSL to all employees could help reduce the burden of absenteeism from the transmission of pandemic influenza in workplaces. DeRigne et al 33 showed that both full-and part-time workers without PSL were more likely to attend work while sick than their counterparts with PSL.
The present study provides preliminary estimates of some of the potential benefits to employers of PSL in reducing absenteeism related to the spread of ILI. Developing these estimates required synthesis of primary and secondary data and represents our attempt to inspire future improvements in available data.
DATA
We used the Medical Expenditure Panel Survey (MEPS), a comprehensive, in-person, and publically available survey of U.S families and individuals about their medical expenses, providers, and employers for our analysis. MEPS is a 2-year rotating panel of families and individuals based on the National Health Interview Survey (NHIS) sampling from a previous year to represent the U.S. civilian noninstitutionalized population. Each respondent is interviewed five times over 2 years. MEPS has been reviewed and approved by the Westat IRB, established under a multiproject assurance (MPA M-1531) granted by the Office for Protection from Research Risks.
We used MEPS data from 2007 to 2008 to 2013 to 2014 that included panels 12 through 18. Combining these seven panels enhanced our ability to analyze data on private sector workers and reduced the standard errors of our estimates. 34 We excluded respondents whose primary employment was in the military or public sector, because our focus was on the private sector and its employees. We also excluded self-employed individuals because there is no clear distinction among those with and those without PSL in that group. See Appendix 2 for details on each panel and excluded observations. MEPS contains information on the availability of PSL, the number of days respondents were away from work due to illness or injury, as well as detailed personal and employer characteristics. All of the MEPS variables we used were self-reported, and we described them in Table 1 . For variables in the longitudinal file that were not tracked over a full year, we used the last status in the first year (the third round of interviews, if the third round was fully completed in the first year of the survey, or the second round of interviews, if not) and the initial status in the second year (the third round of interviews, if the third round was fully completed in the second year, or the fourth round, if the third round was completed in the first year). For respondents with more than one job, we considered their main jobs. Respondents with missing observations in both years were dropped from the analysis. However, to reduce the number of missing respondents, if only 1 year's observation was missing, we used the value from the other year (same value in both years). This is a reasonable assumption because there were few changes in most of the variables between the first and the second periods. For instance, only 3.6% of the respondents with complete information had different PSL status in the two periods.
METHODS
We estimated the monetary benefit of PSL in reducing absenteeism from the spread of ILI by contagious workers according to following steps:
Step 1: Estimate the difference between workers with PSL and workers without PSL in number of days away from work due to illness or injury.
Data from MEPS panels 12 to 18 were used to examine the effect of PSL in reducing the number of days workers went to work while sick. MEPS does not contain specific information on the number of days respondents worked while they were sick, but it does contain information on the number of days respondents were away from work due to illness or injury. We used the difference in the number of days away from work due to illness or injury between workers with and without PSL to indicate the effect of PSL on number of days a worker without PSL went to work while sick.
To examine this effect, we specified the following model:
Where i and t represent worker and time, A represents the number of days away from work due to illness or injury, w represents the wage level, and h, s, and pe are indicator variables taking a value of 1 if the worker has employer-sponsored health insurance, PSL, and a pension plan, respectively, and 0 otherwise; X is a vector of individual and family-level indicators that might affect the number of days a worker could be absent from work due to illness or injury. We identified the following individual and familylevel variables that might affect the number of days away from work due to illness or injury: age, sex, ethnicity/race (non-Hispanic white, non-Hispanic black, Hispanic, non-Hispanic Asian, non-Hispanic others), college education (2 years college education and above), obesity (BMI ! 30), self-reported physical health status, selfreported mental health status, diabetes diagnosed by health professionals, marital status (married, never married, divorced or separated, widowed), family size, and family annual income. Z is a vector of other workplace characteristics, including union membership, industry (10 categories), and region (four categories). To account for a potential nonlinear relationship between days of absence and age, we included an age-squared variable in the regression. We also log-transformed family income to reduce skewness in the distribution of that variable.
Because the number of days away from work is a frequency variable, we used a negative binomial random effects model to estimate the equation. We used a random effects instead of a fixed effects model because most of our variables do not vary within a year and dropping variables during the fixed effects demeaning process (ie, subtracting the mean) would decrease the efficiency of our results due to lost information. At the same time, as indicated by Gardner, 35 the fixed effects demeaning process could magnify measurement errors. We did not expect any selection bias in our specification because the decision to be absent from work due to illness or injury would not affect the likelihood of having PSL. We estimated the number of days a worker went to work while sick due to lack of PSL using the marginal coefficient of the PSL variable from the negative binomial random effects model. We used STATA 36 version 14 (Stata Corp LP, College Station, TX) to estimate the negative binomial random effects model. The descriptive statistics are adjusted for weight, strata, and the primary sampling unit (PSU) of MEPS. The negative binomial random effects model does not allow for weight, strata, and PSU adjustments. However, we tested the sensitivity of our results to not adjusting for these sampling procedures by considering the MEPS data as nonpanel and estimating two negative binomial models with and without adjustment to weight, strata, and PSU. The coefficients of the variables in these two models were very similar in sign, significance level, and magnitude.
Step 2: Calculate the subset of days a worker went to work while suffering from ILI from the total number of sick-at-work days derived in step 1.
O'Reilly and Stevens 37 indicated that ILI could account for 10% to 12% of all sickness-related absence from work. Therefore, we multiplied the number of days a worker went to work while sick (from Step 1) by 10% to 12% to estimate the number of days a worker without PSL went to work while contagious.
Step 3: Calculate the number of coworkers who would be infected by a worker without PSL based on days at work while sick with ILI.
We could not find a study that directly examined the rate of ILI transmission at the workplace. Consequently, we adapted a method developed by researchers from Emory University and CDC that estimated the pandemic influenza transmission rate per 1 minute of contact for various age groups of infected and susceptible persons. 38 On the basis of their model, the working-age (19 to 64) adult-to-adult transmission probability per 1 minute of contact was 0.00032. We adjusted this transmission rate to 0.00026 based on the average number of workers vaccinated against influenza 39 and the average effectiveness of influenza vaccination 40 during our study period. Lovell 41 assumed that a typical worker would have contacts with five coworkers per day. We also used a lower number of daily contacts with three coworkers for a more conservative estimate. We used these contact numbers and the adjusted transmission rate to estimate the average number of coworkers a contagious worker without PSL would infect while at work.
Step 4: Calculate the average number of workdays lost due to ILI by multiplying the average number of coworkers infected by a worker without PSL by the average number of workdays missed due to ILI.
We multiplied this number by the average number of workers without PSL to estimate the total number of coworkers who could be infected. Employees with ILI missed an average of 2 to 6.5 workdays per year. [42] [43] [44] [45] We used a minimum of 2 and an average of 3 workdays lost per year to estimate the total number of workdays lost due to ILI spread by workers without PSL.
Step 5: Calculate monetary benefit. We multiplied the total number of workdays missed due to ILI by the average productivity of workers to estimate the monetary benefits of PSL to employers in reduced absenteeism costs from ILI. We used the MEPS average hourly wage rate between 2007 and 2014 as an indicator of productivity. In MEPS, all hourly wage rates above $78 were recorded as $78. This might underestimate our average hourly wage estimate. We converted the average yearly wages to 2016 dollars using the U.S. consumer price index (Available at: https://www.bls.gov/cpi/data.htm). Table 1 presents descriptive statistics of the variables used in the analysis stratified by access to PSL. The average number of workers without PSL during the study period was 45.1 million per year. This implies that 39.46% of workers in our data did not have access to PSL during 2007 to 2014, which is very similar to the 39.13% of private sector workers without PSL reported by BLS during the same period. The average daily wage rate in our data was $171 in 2016 dollars. Table 2 presents incidence rate ratios (IRRs) derived from the coefficients of the negative binomial random effects regression model. Controlling for covariates in the model, the incidence rate of days away from work due to illness or injury was 32% higher for workers with PSL than workers without PSL. Most of the covariates took the expected sign and were statistically significant. The incidence rate of days away from work due to illness or injury was higher for women, workers with college education, and workers with more than one job. Compared with non-Hispanic white workers, the incidence rate of absence for other racial and ethnic groups was relatively low. Obesity, diabetes, self-reported poor physical health, and self-reported poor mental health increased the incidence rate of absence due to illness or injury. Workers with access to employersponsored health insurance and pension plan, and workers who were members of unions, also had higher incidence rates of absence due to illness or injury. Divorced or separated workers were more likely, and never married workers less likely, to be absent from work than married workers, the reference category. Compared with workers in the services industry, the reference category, workers in the manufacturing and construction industry had lower incidence of absence from work due to illness or injury. Workers in the West and Midwest regions of the country had higher incidence of absence than workers in the Northeast region, the reference category.
RESULTS
We predicted the number of days workers were away from work due to illness or injury by assuming that random effects were zero in the negative binomial random effects regression. Results showed that workers with PSL spent an average of 4.58 days away from work per year due to illness or injury, while workers without PSL spent 3.48 [or 1.10 fewer (95% CI: 0.90 to 1.30)] days away from work, controlling for all covariates in the model. Assuming 10% to 12% of days absent due to ILI, 0.026% transmission rate (adjusted for flu vaccination and vaccination effectiveness rate), and an average daily contact of three to five coworkers, a worker at work due to lack of PSL could infect on the average 0.0405 to 0.0810 coworkers per year. Assuming 2 to 3 days lost due to ILI per year, an average daily wage of $171, and 45.1 million workers without PSL per year, this implies that expanding PSL to workers without PSL could save employers $0.63 to $1.88 billion per year in 2016 dollars in reduced absenteeism costs from ILI. See Appendix 3 for the details. [38] [39] [40] [41] [42] [45] [46] [47] 
DISCUSSION
As of November 2016, legislators and voters in Connecticut, California, Massachusetts, Oregon, Vermont, Arizona, Washington, and 32 localities considered the issue of PSL. 48 However, only 64% of private sector workers had PSL in 2015. 1 Lack of evidence about P < 0.05, c P < 0.1. 95% CI, 95% confidence interval; IRR, incidence rate ratio; PSL, paid sick leave. the economic benefit of providing PSL could be one reason for the low percentage of private sector workers with access to PSL. The current study partially fills this gap by suggesting some potential economic benefits of PSL in reducing the cost of absenteeism from the spread of ILI at workplaces. As indicated by Johns 49 and Heymann et al, 31 working while sick may be the only viable option for workers without PSL, because they might not be able to afford unpaid leave or they might fear being fired. Smith 50 reported that, overall, 68% of workers went to work while suffering from stomach flu and other contagious diseases, while another study 51 showed that half of workers who went to work while sick would have stayed at home if they had had access to PSL. Our results support these assertions and findings. We found a statistically significant difference in the number of days away from work due to illness or injury between workers with and without PSL. Controlling for demographic, health, economic, and firm level characteristics, workers without PSL were away from work because they were sick 1.10 fewer days per year than workers with PSL.
Our results suggest that providing PSL to workers without PSL could help decrease the number of workdays lost from workplace ILI infection by between 3.66 and 10.97 million per year. CDC estimated that up to 111 million workdays are lost annually because of influenza. 52 This implies that providing PSL could help decrease ILIrelated absenteeism by between 3.30% and 9.88%. Similar results were reported by Kumar et al. Using an agent-based model and NHIS, Kumar et al 8 showed that universal access to PSL could help reduce workplace infection from pandemic influenza by 5.86%. Our results also showed that providing PSL could have decreased ILI-related absenteeism costs by $0.63 to $1.88 billion per year during the study period. We believe this to be a conservative estimate because the transmission rate and the number of workdays missed due to ILI could be higher than the values used in our study. 43 For instance, Lovell 41 reported that the probability of a healthy worker to be infected by a contagious coworker was 18%. On the basis of this transmission rate, Lovell 41 estimated that availability of PSL could have saved employers $28.7 million (in 2004) in absenteeism costs through reduced flu infection at Massachusetts workplaces alone. Employers in San Francisco could have saved $1.07 million (in 2005). 41 In a controlled case study that examined the benefits of influenza vaccination, Kumpulainen and Mäkelä 43 reported an average of 4.9 workdays missed due to influenza. The average daily wage rate in our data is also underestimated because the maximum hourly wage reported in the MEPS data was only $78 per hour. As a result, the average daily wage rate in the MEPS data during the study period was $171 in 2016 dollar compared with the average daily wage rate of $197 in 2016 dollar computed from BLS data (http://data.bls.gov/cgi-bin/dsrv) during the same period. Consequently, the actual monetary benefit of PSL may be higher than our estimate.
The results of our study should be interpreted with caution for the following reasons. First, there are no nationally representative data to enable straightforward estimates of the number of days that workers were on duty while sick with ILI. We used different sources of published results to estimate the transmission rate of ILI, effectiveness of flu vaccination, and number of close daily work contact. Those studies used different data and methods that produced estimates with wide ranges. Consequently, monetizing PSL benefits was challenging due to lack of clear-cut parameters. Second, we assumed that utilization of PSL would be similar between workers who had PSL and workers who might get PSL in the future. We also did not consider other types of fringe benefits, such as paid vacation, or employment arrangements, such as flexible work schedules. Third, we did not consider second stage transmissions by workers at work while sick for reasons other than access to PSL. On the basis of a report by the National Foundation for Infectious Diseases, 53 Kumar et al 8 assumed that 28% of employees continued to go to work while sick with ILI for reasons other than access to PSL. Studies have also shown that, even after returning to work, employees might not perform at their full capacity for several days (presenteeism). 54 Fourth, we considered only minimum and average values of our parameters to produce a conservative estimate of the economic effect of providing PSL in reducing the cost of absenteeism related to ILI. Finally, this estimated benefit could vary from industry to industry and across occupations and sizes of firms. A future study might explore these issues in detail.
CONCLUSION
PSL has become an important public health policy matter in the U.S. One major issue in this debate is whether economic returns can be realized by employers investing in PSL. We provided some evidence that encourages business sector participation in this issue by quantifying and monetizing the potential value of PSL in reducing costs associated with absenteeism from workplace spread of ILI. 18 . Each year, the average wage rate was adjusted to the 2016 dollars using the U.S. consumer price index available at: https://www.bls.gov/cpi/data.htm.
